Purpose There is lack of contemporary outcome data on patients with hospital-acquired infections that cause bacteraemia. We determined the risk factors for 7-day mortality and investigated the hypothesis that, compared with central venous catheter (CVC)-associated bacteraemic infections, catheter-associated bacteraemic urinary tract infections (UTIs) were significantly associated with 7-day mortality. Methods From October 2007 to September 2008, demographical, clinical and microbiological data were collected on patients with hospital-acquired bacteraemia. Patients were followed until death, hospital discharge or recovery from infection. Risk factors for 7-day mortality were determined and multivariate logistic regression was used to define the association between catheter-associated bacteraemic UTIs and likelihood of death. Results 559 bacteraemic episodes occurred in 437 patients. Overall, there were 90 deaths (20.6%) at 7 days and 153 deaths (35.0%) at 30 days. Among patients with catheter-associated bacteraemic UTIs, 7-day and 30-day mortalities associated with each bacteraemic episode were 25/83 (30.1%) and 33/83 (39.8%), respectively. Within this subgroup, the commonest isolates were Escherichia coli, 36 (43.4%), Proteus mirabilis, 11 (13.3%) and Pseudomonas aeruginosa, 9 (10.8%). There were 22 (26.5%) multiple drug-resistant isolates and, of the E coli infections, 6 (16.7%) were extended spectrum β-lactamase producers. In univariate analysis, the variables found to have the strongest association with 7-day mortality were age, Pitt score, Charlson comorbidity index (CCI), medical speciality and site of infection. Compared with CVC-associated bacteraemic infections, there was a significant association between catheterassociated bacteraemic UTIs and 7-day mortality (OR 4.16, 95% CI 1.86 to 9.33). After adjustment for age and CCI, this association remained significant (OR 2.90, 95% CI 1.19 to 7.07). Conclusions Compared with CVC-associated bacteraemic infections, catheter-associated bacteraemic UTIs were significantly associated with 7-day mortality. Efforts to reduce these infections should be prioritised.
INTRODUCTION
Hospital-acquired bacteraemia is a significant cause of patient mortality and morbidity.
1 Sites of infection causing hospital-acquired bacteraemia are well described and commonly include medical devices such as central venous catheters (CVCs) and urinary catheters. 2 In consecutive patients with hospital-acquired bacteraemia, the relative contribution of these sites to 7-day mortality has not been previously described. Since the introduction of mandatory meticillin-resistant Staphylococcus aureus (MRSA) bacteraemia in 2002, and its use as a key quality indicator in UK National Health Service trusts, attention has primarily focused on reducing intravascular catheter-associated infections rather than catheter-associated urinary tract infections (UTIs).
Worldwide, catheter-associated UTIs result from the widespread use of urinary catheters in hospitals, much of which is inappropriate. [3] [4] [5] Efforts to reduce these infections have been made by limiting catheter insertion to patients with urinary outflow obstruction, patients undergoing surgical procedures or patients requiring urinary output monitoring as part of medical management. 6 Standard aseptic techniques for catheter insertion are well described, 7 and timely removal of catheter is an important factor in reducing infection. 8 International guidance has been published on the prevention and management of catheter-associated UTIs, most recently from the Infectious Diseases Society of America. 9 Despite their widely recognised importance as a significant cause of hospital-acquired infection, there is lack of contemporary outcome data on patients with bacteraemic episodes caused by catheter-associated UTIs.
The aims of this study were to determine the risk factors for 7-day mortality in consecutive patients with hospital-acquired bacteraemia. We hypothesised that compared with CVC-associated bacteraemic infection, catheter-associated bacteraemic UTIs were more likely to cause death within 7 days.
METHODS

Study setting
The study was undertaken at Barking, Havering and Redbridge University Hospitals NHS Trust (BHRUT). This is composed of Queen's Hospital with a 900-bedded major acute hospital and King George Hospital with a 600-bedded local district hospital. BHRUT serves an elderly and ethnically diverse population of 750 000 patients in Essex, adjacent to East London. In addition to general surgery, medicine, paediatric and maternity services, BHRUT has 30 high-dependency and critical care beds (including neurosurgical beds), a specialist ward for haematology and oncology patients and a high-level neonatal intensive care unit.
Study population
From October 2007 to September 2008, consecutive in-patients with hospital-acquired bacteraemia were prospectively studied.
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Definitions
Significant bacteraemia was defined as a blood culture isolate, unlikely to be an environmental or skin contaminant, ascertained from a patient with a compatible clinical syndrome. This decision was based on the patient's history, examination findings, response to antimicrobial treatment, blood culture isolate and bacterial cultures from other body sites. Hospital-acquired bacteraemia was defined as a positive blood culture obtained at least 48 h after hospital admission. Specialities at the time of treatment of bacteraemia were medicine, surgery, critical care, obstetrics and gynaecology and paediatrics. Resistance profiles were classified as sensitive, partial or multiple drug resistance (MDR). Partial resistance was defined as the resistance to at least one antibiotic class, and MDR as the resistance to three or more antibiotic classes that were commonly used to treat a specific bacterial isolate. Sites of infection were defined according to the Centers for Disease Control and Prevention surveillance definitions. 10 For CVC-associated infection, this was defined as evidence of infection (erythema, induration or pus) at a CVC exit site or isolation of the same organism from the blood or line tip. Catheter-associated UTIs were defined as infection in patients with indwelling urethral or suprapubic catheters, or patients who intermittently self-catheterised, in the presence of symptoms or signs compatible with a UTI where no other source was identified. Bacteraemias in patients with an unknown source were classified as undefined. Subsequent bacteraemic episodes were defined as an infection with the same organism occurring more than 28 days after the first episode, or a bacteraemic episode with a different organism occurring within 28 days.
Appropriate treatment was defined as any component of an antibiotic regimen, empiric or definitive, used to treat an infection to which the organism was susceptible 'in vitro'. 11 Delay in treatment was measured from the time a significant blood culture was obtained from the patient. In all patients, this was irrespective of the onset of sepsis and, in catheterised patients, the duration of urinary catheterisation.
Data collection
Attending physicians were encouraged to obtain blood cultures from patients presenting with symptoms and signs suggestive of sepsis before administration of empirical antibiotics. 12 Demographical, laboratory and clinical data were collected on all in-patients who developed bacteraemia more than 48 h after admission. Five consultant microbiologists, separately covering five different areas making individual judgements, reviewed the case notes within 72 h of laboratory confirmation. In addition to demographical data, speciality at the time of bacteraemia, site of infection, organism, susceptibility profile, delay in appropriate treatment, Pitt bacteraemia score, Charlson comorbidity index (CCI) score 13 and outcomes were recorded. The Pitt bacteraemia score is a validated index used in other studies to quantify severity of infection, 14 based on mental status, need for ventilation and vital signs. Patients were followed up until death, discharge home or to a rehabilitation ward or recovery from infection.
Patients were treated empirically according to the local guidelines. Once susceptibility profiles were known, antibiotic treatment regimens were rationalised to narrow spectrum agents. All-cause outcomes were recorded as survived or died at 7 and 30 days. It was assumed that patients who were discharged prior to 7 or 30 days survived until 7 or 30 days.
Microbiology data
Blood cultures were analysed using an automated system BacT/ ALERT3D (bioMérieux, Mary l'Etoile, France). Gram-negative organisms were speciated by biochemical tests using api20E and 
Data analysis
Quantitative data are presented as numbers with percentages. Univariate analysis was used to examine the association between predictor variables and likelihood of death at 7 days. The main outcome of interest was the association with catheterassociated UTIs. For sites of infection, CVC infection was used as the baseline category when performing regression analysis. This was chosen because CVC-associated infections are welldefined and are associated with a large number of bacteraemic episodes. Other variables investigated were age, gender, speciality at the time of bacteraemia, Pitt score, CCI, neutropenia, delay in appropriate treatment (measured in days) and organism susceptibility. If a patient was presented with more than one bacteraemic episode caused by the same organism within 28 days, it was assumed that the final episode had the strongest association with mortality so only this episode was analysed.
Age and CCI confound the association between catheterassociated UTI and death. Therefore, these variables were selected a priori to be included in multivariate logistic regression used to examine the association between site of infection and death at 7 days. Prior to fitting this model, bacteraemic episodes were excluded if the CCI was missing. Generalised estimating equations were used to account for dependency between multiple bacteraemic episodes for patients in the univariate and multivariate analysis. Data were analysed using Stata SE (V.11.1).
Clinical governance
The clinical governance committee of BHRUT approved this study. Ethical approval was not required.
RESULTS
There were 559 episodes of bacteraemia in 437 patients with bacteraemic hospital-acquired infections. Eighty-four patients had multiple bacteraemic episodes associated with the same sites of infection. A total of 232 (53.1%) patients were aged 70 or more. Two hundred and thirty-two patients (53.1%) were men. Most bacteraemic episodes occurred on medical (249 (44.5%)) and critical care wards (163 (29.2%)), and at 7 and 30 days most deaths occurred in medical patients compared with other specialities (table 1). After CVC-associated bacteraemic infection, the second commonest site was catheter-associated bacteraemic UTI (70 patients with 83 (14.8%) bacteraemic episodes) figure 1. Fifty-six (80%) patients with catheter-associated bacteraemic UTI were older than 70 years. There were 30 (36.1%) bacteraemic episodes in patients with catheter-associated bacteraemic UTI and a CCI>3, fewer than bacteraemic episodes associated with biliary tract infection 7/14 (50.0%) but a similar or greater proportion to other sites of infection.
Overall, there were 90 (20.6%) deaths within 7 days and 153 (35.0%) within 30 days following a bacteraemic episode (table 1) . Seven-day and 30-day mortalities associated with a bacteraemic episode caused by catheter-associated UTIs were 25/83 (30.1%) and 33/83 (39.8%), respectively. Among bacteraemic patients with catheter-associated UTIs, 77 (92.8%) isolates were Gram negative and 6 (7.2%) isolates were Gram positive. The three commonest bacteraemic isolates were Escherichia coli, 36 (43.4%), Proteus mirabilis, 11 (13.3%) and Pseudomonas aeruginosa, 9 (10.8%). Other isolates are shown in figure 2. There were 22 (26.5%) MDR isolates and, of the E coli infections, 6 (16.7%) were extended spectrum β-lactamase producers. No urine samples were received or processed from 15 (18.1%) of the 83 patients with catheterassociated bacteraemic UTIs. Of the samples received, 35 (42.2%) grew mixed organisms including coliforms, 19 (22.9%) grew the Univariate analyses of mortality at 7 days are presented in table 2. The variables found to have the strongest association with 7-day mortality were age, Pitt score, CCI, medical speciality and site of infection. Compared with CVC-associated bacteraemic infections, there was a significant association between catheter-associated UTIs and 7-day mortality (OR 4.16, 95% CI 1.86 to 9.33). The results of multivariate logistic regression analysis are presented in table 3. About 434 patients with 552 bacteraemic episodes were available for inclusion. In total, three patients with incomplete CCI data were excluded. After adjustment for age and CCI, the association between catheterassociated UTIs and death at 7 days remained significant (OR 2.90, 95% CI 1.19 to 7.07) although, at 30 days, this association became non-significant (OR 1.32, 95% CI 0.67 to 2.61).
DISCUSSION
This is the first UK-based study, for more than two decades, to benchmark mortality in consecutive patients with hospitalacquired bacteraemia. Age, CCI, Pitt bacteraemia score and site of infection were significantly associated with 7-day mortality although, uniquely, compared with CVC-associated bacteraemic infection, we demonstrated a significant association between catheter-associated bacteraemic UTIs and death at 7 days. Seven-day mortality associated with catheter-associated bacteraemic UTIs was significantly higher than CVC-associated bacteraemic infection, even after adjustment for age and comorbidities, recognised confounders in other studies. 9 In our multivariate logistic regression analysis, we did not adjust for Pitt score, a marker of severity, as this is on the causal pathway. The causal pathway, we hypothesised, was that urinary catheterisation can lead to bacteriuria and severe bacteraemic infections resulting in death at 7 days. Adjustment for Pitt scores would not have enabled our a priori hypothesis to be tested.
Although asymptomatic bacteriuria occurs commonly in catheterised patients and does not require treatment unless the patient becomes symptomatic, 16 bacteriuria is a prerequisite for septicaemia. Urinary catheterisation is also an independent predictor for bacteraemic UTIs. 17 Although outcome studies of hospital and healthcare-associated bacteraemia emphasise the contribution of Gram-negative infections, 18 only two emphasise the contribution of catheter-associated UTIs. 19 20 One of these studies 20 benchmarked 30-day mortality at 30.8% but attributed death to 12.8%, a proportion significantly lower than our 7-day mortality (30.1%). Our observation was that most patients who died from catheter-associated UTIs died early, within 7 days, and that most deaths were likely to be caused by infection. We did not observe a substantial rise in deaths between 7 and 30 days, many of which may have been due to other causes. It is possible that some of these deaths were preventable. One study demonstrated a 20% reduction in catheter-associated UTIs following better patient selection and adherence to best practice. 21 E coli is the predominant organism isolated from catheterised patients with bacteriuria 22 and bacteraemia 23 but a variety of other organisms also cause infection. In our cohort, cultures from a catheterised specimen of urine (CSU) most commonly yielded mixed organisms including coliforms. This is because it is not routine laboratory practice to speciate and perform susceptibility testing on bacterial isolates from a CSU unless there is a pure bacterial growth. Unfortunately, some CSU samples were not sent for processing and other CSU samples demonstrated pyuria but no bacterial growth, probably secondary to antimicrobial administration prior to sample collection. A smaller number of CSU samples grew an isolate different from the bacteraemic isolate. Although some of these may have been misidentified on chromogenic agar, possibly within a mixed culture, we cannot be sure that these bacteraemias were truly caused by catheterassociated UTIs.
Overall, medical patients had a significantly higher 7-day mortality compared with patients in other specialities. A likely explanation is that these patients were more elderly and had more comorbidities. Consequently, some of these patients would have been unsuitable for critical care transfer and others with terminal malignancy would have been placed on a palliative care pathway. We did not quantify these groups of patients.
There were other limitations to this study. We did not include patients with healthcare-associated infections, which we considered to be a subset of community-acquired infections. Like all bacteraemia studies, septic patients who were not cultured were excluded. This may have led to an underestimate in the number of episodes of bacteraemia and the number of deaths caused by septicaemia. Time from onset of sepsis to treatment was not recorded and we did not take into account time taken to switch from empirical to definitive treatment. A large proportion of patients had undefined sites of infection, many who died early before the site of infection could be established. If a significant number were caused by catheter-associated UTIs, this may have biased the results. Although adjustments for age and CCI (a composite score for comorbidities including renal failure) were made, we did not adjust for underlying urological anatomical abnormalities. Also, after checking our trust's computerised patient administration system for re-admissions, we assumed that once patients recovered from infection or were discharged home, they survived until 7 days. However, in sensitivity analysis, where we assumed discharged patients died within 7 days, our findings remained the same. We determined all-cause mortality and did not determine death to be directly attributable to infection, although, like others, 24 we believe that death within 7 days is likely to have been secondary to infection. Due to incomplete data, only three patients were excluded from multivariate regression analysis.
In 2011, the Department of Health (England) launched mandatory E coli bacteraemia surveillance highlighting the need for more data on Gram-negative bacteraemias and their sources. Rather than E coli surveillance, we have previously advocated a
Main messages
▸ Hospital-acquired bacteraemia is a significant cause of patient mortality and morbidity. Among consecutive patients with hospital-acquired bacteraemia, 7-day mortality was 90/ 437 (20.6%). ▸ Compared with central venous catheter-associated bacteraemic infections, catheter-associated bacteraemic urinary tract infections (UTIs) were significantly associated with 7-day mortality. This association remained significant after adjustment for age and comorbidities. ▸ Because the Department of Health used meticillin-resistant Staphylococcus aureus bacteraemia as a key quality indicator, attention is focused upon reducing intravascular catheter-associated infections in most UK NHS trusts. Based on our findings, we advocate a shift of emphasis towards reducing catheter-associated UTIs in hospitalised patients.
Current research questions
▸ Should 7-day outcomes for hospital-acquired bacteraemia, stratified for age, Pitt score and Charlson comorbidity index be used as a quality indicator, enabling comparisons across different NHS trusts? ▸ Will mandatory Escherichia coli bacteraemia surveillance result in a reduction in catheter-associated urinary tract infections in hospitalised patients? ▸ Might hospital-acquired bacteraemia surveillance, focusing on infection caused by medical devices, be a better way of reducing all bacteraemic hospital-acquired infections?
nationwide extended bacteraemia surveillance programme, focusing on medical devices such as urinary catheters, as a better way of reducing hospital-acquired bacteraemic UTIs. 25 Success in managing catheter-associated UTIs depends upon prompt recognition, early administration of appropriate antibiotics, removing or changing a catheter and patient management in an appropriate environment depending upon severity of infection. There is a need to educate healthcare workers to avoid routine use of urinary catheters, to remove them when they are no longer needed and to use alternative methods for care of incontinence. In comparison to CVC-associated bacteraemic infection, catheter-associated bacteraemic UTIs are significantly associated with 7-day mortality and efforts to reduce these infections should be prioritised.
